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The study re ported in this pa per aimed to in ves ti gate the re sponse of a GAFChromic®
HD-V2 film do sim e ter in the dose range be tween 10 and 300 Gy, nor mally used to per form
ir ra di a tion tests on elec tronic de vices with a 60Co gamma-ray irradiator. The well-de fined lin -
ear ity of re sponse in terms of absorbance as a func tion of ab sorbed dose, eas i ness of han dling
and data anal y sis of ir ra di ated do sim e ters, reproducibility, sta bil ity, and in sen si tiv ity to vis i ble 
light and most of the en vi ron men tal pa ram e ters, make HD-V2 film a flex i ble, in ex pen sive and 
re li able dose mea sure ment de vice. The study has shown a fog ging ef fect of the do sim e ter re -
sponse since its value changes over time. Strat e gies and ad e quate pre cau tions to take into ac -
count changes on HD-V2 film phys i cal prop er ties for cal i bra tion and rou tine use in in dus trial
ap pli ca tions, with a spe cific ref er ence to ra di a tion test ing of elec tronic de vices, have been dis -
cussed.
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IN TRO DUC TION
Many in dus trial ap pli ca tions of ion iz ing ra di a -
tions re quire the use of re li able do sim e ters for the mea -
sure ment of high doses. A so lu tion can be rep re sented
by Gafchromic films, a fast and in ex pen sive means of
per form ing ac cu rate quan ti ta tive ra di a tion do sim e try
in dif fer ent ac tiv i ties. In fact, crys tal line struc tural
prop er ties of these films change when ex posed to a ra -
di a tion field, and, with in creas ing ab sorbed dose, a
poly mer iza tion with a chro matic change oc curs. Al -
though orig i nally pro duced for med i cal use, in par tic u -
lar for mea sure ment of 2-D dose dis tri bu tion in ra dio -
ther apy, radiosurgery and brachytherapy [1-7],
Gafchromic self-de vel op ing do sim e try films are also
used in other ac tiv i ties given their im proved dose sen -
si tiv ity. Re cently pro duced, HD-V2 film is spe cif i -
cally used for quan ti ta tive mea sure ment of high level
ab sorbed dose (Dose Range: 10 Gy – 1000 Gy) due to
high en ergy pho ton in ter ac tions [8]. It is suit able for
re search and in dus trial ap pli ca tions, food ir ra di a tion,
ra di a tion pro cess ing or to eval u ate the per for mance of
elec tronic com po nents [9-14]. 
Gafchromic HD-V2 films are in ter est ing as re li -
able do sim e ters for mea sure ment of ab sorbed dose in
ra di a tion test ing of elec tronic de vices, one of our re -
search ac tiv i ties aimed to study the ef fects of gamma ra -
di a tions on elec tronic com po nents used, in par tic u lar,
for space ap pli ca tions [15-17]. In this field, main do -
sim e ters used for ra di a tion test ing of elec tronic de vices
are thermoluminescent do sim e ters, ion iza tion cham -
bers, semi con duc tor do sim e ters, poly mer alanine do -
sim e ters, perspex do sim e ters, and radiochromic do sim -
e ters. All of them have dif fer ent char ac ter is tics that
make them use ful in dif fer ent con di tions, as re ported in
[18].
The wide spread use of elec tronic sys tems has
reached high lev els in a va ri ety of fields. Some of them 
im ply par tic u lar op er a tive con di tions that can be crit i -
cal and re quire an ad e quate study of the de vice re -
sponse to ex ter nal ra di a tion fields. In fact, it is well
known that ra di a tion can in flu ence elec tronic com po -
nent and sys tem per for mances, with a va ri ety of in -
duced ef fects, de pend ing on de vice type and ra di a tion
field [19-26].
The tech ni cal fea tures of HD-V2 do sim e ters
have al ready been ex am ined [27-30] but no de tailed
in for ma tion is avail able for the use of HD-V2 films in
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the afore men tioned ap pli ca tion field. For this rea son, a 
study on its char ac ter is tics, with ref er ence to cal i bra -
tion, reproducibility, and sta bil ity of dosimetric data
has started over time.
This work re ports the re sults of test ing on re -
sponse prop er ties of HD-V2 Gafchromic films with
the use of a 60Co gamma irradiator. The anal y sis of re -
sults ob tained with do sim e ters ir ra di ated at dif fer ent
dose val ues high lighted a fog ging ef fect over time.
Fol low ing, strat e gies and pre cau tions to ad e quately
tak ing into ac count the vari a tion on HD-V2 film prop -
er ties for the in dus trial ap pli ca tion, with a spe cific ref -
er ence to ra di a tion-hard ness test ing of elec tronic de -
vices, are dis cussed.
MA TE RI ALS  AND METH ODS
GAFChromic® HD-V2 do sim e try films
Ashland GAFChromic® HD-V2 film (batch no.
12151401), de signed to mea sure the ab sorbed dose
due to high en ergy pho tons, has been in ves ti gated.
HD-V2 Gafchromic film con sists of a nom i nal 12 
µm-thick ra di a tion-sen si tive layer, that con tains the
ac tive prin ci ple, the marker, the sta bi liz ers and other
com po nents that give an en er get i cally in de pend ent re -
sponse of film, and of a trans par ent sub strate poly es ter
layer (97µm). The HD-V2 film is able to fit a range of
dose be tween 10 to 1000 Gy, with a min i mal dif fer -
ence of re sponse based on the pho ton en ergy (from
100 keV to about 20 MeV). Treat ment af ter the ex po si -
tion is not re quired and do sim e try film can be han dled
and used in side a nor mal room. Its prin ci pal fea tures
are given in [8].
With in creas ing dose, the ac tive com po nent of
HD-V2 film re sponds to ra di a tion ex po sure by form -
ing a blue col ored poly mer with max i mum ab sorp tion
at a wave length of ap prox i mately 670 nm [8]. 
The re sponse curve of HD-V2 film do sim e ters
was ob tained in ac cor dance with ISO/ASTM 51275
[31]  and ASTM STAN DARD E668 [32]. A sheet of
GAFChromic® HD-V2 film (203.2 mm × 254 mm)
was cut into 200 small pieces, 10 mm × 25 mm each, by 
means of a pre ci sion cut ter. Each of the pieces ob -
tained was iden ti fied as a film do sim e ter. These cut -
ting sizes are not man da tory but de pend on the ir ra di a -
tion con di tions, di men sions of the ir ra di ated de vice,
char ac ter is tics and read ing mo dal i ties of the tool used
for film anal y sis.
Film  do sim e ters were kept at a tem per a ture of
22 ± 2 °C, and re moved from a light tight en ve lope
only dur ing ir ra di a tion and read out pro ce dures.  
All the do sim e ters were treated with the same
mo dal i ties, from the prep a ra tion to stor age, from ir ra -
di a tion to anal y ses. Ir ra di a tions were per formed at a
dose rate level of 2 Gymin–1, an in ter me di ate value in
the sug gested dose rate range be tween 0.034 Gymin–1
and 3.4 Gymin–1 within which the man u fac turer as -
sures an er ror on re sponse lower than 5 %. 
Ir ra di a tion
The gamma-ray irradiator used for do sim e ter ir -
ra di a tion, named Irradiatore Gamma Sicilia-3
(IGS-3), is placed in side the build ing No. 6 of De part -
ment of Energy of the Uni ver sity of Palermo. The
IGS-3 re search fa cil ity is a pan oramic dry source stor -
age irradiator, clas si fied in cat e gory II by IAEA [33],
with 12 60Co sources ar ranged each in a cyl in der of 5
cm in ra dius. 
The ir ra di a tion sys tem con sists of 12 stain less
steel tubes each of which can ac com mo date a dou -
ble-en cap su lated 60Co stain less steel cy lin dri cal
source with an ac tive height of 110 mm and 6.3 mm in
di am e ter. Nor mally stored in re cov ery po si tion in side
a lead tank, the sources have a dif fer ent ac tiv ity, for a
to tal of about 5000 GBq, and can be moved in ver ti cal
di rec tion putt ing them in the ex po sure po si tion with a
max i mum dose rate in wa ter of about 0.45 kGyh–1
[34]. To re al ize a lower dose-rate value, a dif fer ent
num ber of sources can be ex posed, pay ing at ten tion to
achiev ing a beam sym me try (at least 2). To get a 2
Gymin–1 dose rate, only 3 sources with lower ac tiv i ties 
were ex posed. In [15-17, 34] are avail able de tailed in -
for ma tion, pho to graphs of the fa cil ity high light ing
source lead con tainer, ex po sure de vices, ir ra di a tion
area and a work ing ta ble where ex po sure of elec tronic
de vices can be re al ized. The struc ture is equipped with 
do sim e ters, to as sure a safe func tion ing and pre cise
dose mea sure ment and is able to of fer a good ver sa til -
ity to carry out sev eral typologies of ir ra di a tion tests.
The char ac ter is tics of the beam in side the ir ra di a tion
area and on the work ing ta ble, were pe ri od i cally de ter -
mined us ing a cal i brated PTW Freiburg TM 30015
ion iza tion cham ber.
The dose value was ob tained by tim ing the ex po -
sure of the sources, set ting on a timer the value cor re -
spond ing to cho sen ab sorbed dose value. At the end of
ir ra di a tion time, a switch trips on for a com plete re cov -
ery of the sources.
Mea sure ment tools 
Al though the most used film anal y sis equip ment
is flat-bed dig i tal scan ners, the re sponse spec tral
absorbance of HD-V2 was mea sured us ing a Perkin
Elmer Lambda 660 UV-VIS spectrophotometer, avail -
able at our De part ment, paired with a ded i cated soft -
ware. Spec tral absorbance A is the com mon log a rithm
of the ra tio of in ci dent to trans mit ted spec tral ra di ant
light power through film ma te rial. For an ap pro pri ate
anal y sis of ir ra di ated do sim e ters, a wave length of
about 670 nm was se lected as the best choice for any
ab sorbed dose value [8].
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The HD-V2 Gafchromic films have an asym -
met ri cal cross-sec tion. Since the man u fac turer in di -
cated that the re sponse may be de pend ent on which
side of the film is fac ing the light source, orig i nal sheet
and all do sim e ters were marked so the same side was
al ways used for dosimetric read ing. Uni for mity can be 
sup posed be cause all the do sim e ters were ob tained by
cut ting a sin gle sheet of the same batch.  How ever, uni -
for mity was tested tak ing into ac count 30 do sim e ters
cho sen ran domly among the ones ob tained by cut ting
the sheet. The sam ple size spec i fied, 30, is the num ber
of mea sure ments re quired to es ti mate an av er age value 
of absorbance, A, and the stan dard de vi a tion, s, of do -
sim e ter re sponse dis tri bu tion at a 95 % con fi dence
level [32].
RE SULTS AND DIS CUS SION 
Do sim e try film re sponse 
The study of the re sponse of the HD-V2 films
was car ried out by ir ra di at ing a se ries of do sim e ters at
vary ing dose lev els and at dif fer ent times for more
than a year. In anal ogy with [32], uni for mity was ver i -
fied by ful fill ing the con di tion s < 0.08 A, as s = 0.035
and A = 1.006 val ues were ob tained. For each mea -
sured point, a do sim e ter num ber from 3 to 5 was used
to ob tain a more re li able math e mat i cal av er age. Film
do sim e ters were ir ra di ated at a dose rate of 2 Gymin–1
up to a fi nal dose value ranged be tween 10 and 300 Gy, 
and ana lysed af ter 24 hours to ob tain a re sponse curve.
An  ex am ple  of this re sponse curve is re ported in
fig. 1 where it can be noted that a lin ear fit rep re sents very
well (cor re la tion co ef fi cient R2 = 0.998) the re la tion be -
tween absorbance (A) and dose (D). Dose un cer tain ties
were all lower than 3 % and for clar ity of rep re sen ta tion
are not shown in fig. 1. Com pared with the func tional re la -
tion pro posed by the man u fac turer [8], with spe cific ref er -
ence to flat-bed scan ners, the lin ear trend ob tained with a
670 nm spectrophotometer is use ful and eas ier to use.
Re sponse fog ging over time 
To test the re sponse of the batch, cal i bra tion
mea sure ments were re peated pe ri od i cally dur ing more 
than a year. The re sults are shown in fig. 2 where some
re sponse curves of the same HD-V2 batch per formed
at dif fer ent times were com pared.
Fig ure 2 high lighted a sig nif i cant fog ging ef fect
re lated to cal i bra tion time. There fore, it seems nec es -
sary to de ter mine a new re sponse curve for a given
mea sure ment time, which may be dif fi cult for the
avail abil ity and use of cal i bra tion sources. How ever, it 
can be noted that the lin ear fits in fig. 2  are al most par -
al lel  and for our do sim e ter batch the fol low ing can be
ap plied
A aD A= +[ ]Gy 0 (1)
where the absorbance, A, is a func tion of dose, D, in
Gray (Gy), a is a fit ting pa ram e ter, and A0 – the
absorbance mean value of no ir ra di ated do sim e ters.
The fog ging ef fect noted in ir ra di ated do sim e ters is 
better high lighted in fig. 3 in which vari a tion trends for
do sim e ters ir ra di ated at var i ous dose lev els and ana lysed
dur ing more than a year time pe riod, were re ported. Data
ac quired show that the absorbance value seems to in -
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Fig ure 1. Re sponse curve of a GAFChromic® HD-V2 as a
func tion of ad sorbed dose. Er ror bars: 1σ un cer tainty.
a.u.= ar bi trary units
Fig ure 2. Com par i son of re sponse curves of a
GAFChromic® HD-V2 as a func tion of ad sorbed dose
ob tained dur ing more than the one-year time pe riod of
ob ser va tion. Er ror bars: 1σ  un cer tainty. a.u.= ar bi trary
Fig ure 3. Vari a tion over time of absorbance of ir ra di ated 
GAFChromic® HD-V2 do sim e ters for dif fer ent dose
val ues. Er ror bars: 1σ  un cer tainty. a.u. = ar bi trary units
crease lin early with the time, keep ing into ac count the
un cer tain ties of the mea sure ments. The same vari a tion
was de tected in non-ir ra di ated do sim e ters, as shown in
fig. 4, where the trend of the absorbance mean value of
non- ir ra di ated do sim e ters, A0, mea sured over a time pe -
riod more than a year was re ported.
At a given time a cor rect re sponse curve can be
ob tained as sum ing the slope (a) of re la tion (1), and de -
ter min ing, prior to each use, the A0 value through the
read ing of no ir ra di ated do sim e ters.
Vari a tion of A0 with time can be de ter mined by
pe ri od i cally read ing a set of 3-5 non-ir ra di ated do sim -
e ters be long ing to the same batch. The de ter mi na tion
of this value, eas ily ob tained through the good cor re la -
tion with time (fig. 4, cor re la tion co ef fi cient R2 =
=.0.965), is a key-point for the re li abil ity of the
method such that avail abil ity of A0 value over time al -
lows to cor rect the absorbance re sponse and im prove
mea sure ment ac cu racy.
Ir ra di a tion test on elec tronic
com po nents 
As an ap pli ca tion ex am ple, the use of do sim e try
films in test ing ra di a tion-hard ness of elec tronic com -
po nents with 60Co sources is briefly de scribed. With
ref er ence to the field of ap pli ca tion of the elec tronic
com po nent of in ter est, a ra di a tion level to which a de -
vice com po nent should be tested is de fined. A clas si fi -
ca tion of these lev els, com monly iden ti fied as “ra di a -
tion re sis tance lev els” (RRL), ex pressed as dose to
Sil i con, D(Si), is given in tab. 1.
To reach a given RRL, dif fer ent test con fig u ra -
tions must be pro vided for each ap pli ca tion. Dur ing its
func tion ing, a com po nent was nor mally ex posed to
ra di a tion field, with a do sim e ter placed on the com po -
nent to eval u ate the de vice ab sorbed dose value, while
power sup ply and aux il iary cir cuits were pro tected by
lead shields [17].
The HD-V2 Gafchromic film is very use ful and
ef fi cient for this task be cause it is easy to po si tion on
the de vice. Fur ther more, its small thick ness does not
af fect the ra di a tion field or the per for mances of the de -
vice it self, and it seems to have, in some in stances, a
pro tec tive func tion. Fig ure 5 shows the pho to graph of
one of these con fig u ra tions with the de vice sited in
front of 60Co sources and HD-V2 films placed on the
com po nents of in ter est [35]. 
Spe cial ex per i ments based on to tal ion iz ing dose
(TID) test method re ported in [36] re quired de vice ir ra -
di a tion un til fail ure us ing mul ti ple ex po sures (with an
in ter val of max i mum 1 hour) and in ter me di ate mon i tor -
ing of elec tri cal pa ram e ters. As we can eas ily see from
tab. 2 , HD-V2 cover dose range of TID in ter est both in
a sin gle dose so lu tion (within 500 Gy), as well as in
mul ti ple in ter me di ate steps for higher doses [36].
As an ex am ple, in a test per formed with IGS-3 it
was re quired to achieve a TID of 1000 Gy. For this
task, four ir ra di a tion steps of 250 Gy each were pro -
grammed; at each in ter rup tion HD-V2  do sim e ter was
re placed and the ab sorbed dose was de ter mined. Ta ble
2 re ports the dose read ings that con firmed the ex -
pected TID value, with an er ror at most 2 % on To tal
Dose. 
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Fig ure 4. Vari a tion over time of absorbance of
non-ir ra di ated GAFChromic® HD-V2 do sim e ters.
Er ror bars: 1σ  un cer tain ties.  a.u. = ar bi trary units
Ta ble 1. RRL ([35] with mod i fi ca tions)
RRL D(Si) Ap pli ca tions
0-30 Gy Com mer cial: in dus trial, ro botic, nu clear, bio med i cal, space shut tle
3-300 Gy
Tac ti cal: sub ma rines, tanks mis siles,
air borne, ground (field ra dar,
com mu ni ca tions), space sta tion
200-500 Gy Space: low earth or bit
500-2000 Gy Space: high or bit
1000 Gy and more Deep space; stra te gic: mil i tary
Fig ure 5. Pho to graph of an ir ra di a tion con fig u ra tion,
with test ing de vice placed di rectly in front of sources
while other com po nents are pro tected by a lead shield ing
Ta ble 2.  To tal dose ob tained through a dose
fractioning in four steps
Step Dose [Gy]
1 252 
2 257
3 254
4 256
To tal dose 1019
CON CLU SIONS 
Dif fer ent tests were per formed on GAFChromic®
HD-V2 films, uti lized for do sim e try of high dose val ues 
from high en ergy pho tons in in dus trial ap pli ca tions.
Us ing a gamma irradiator with 60Co sources, placed at
our De part ment, a lin ear ity of the re sponse curve was
ver i fied in a se lected dose range, with a good cor re -
spon dence be tween read out absorbance at the end of ir -
ra di a tion and rel a tive ab sorbed dose. 
The ad van tage of these do sim e ters is that the in -
for ma tion keeps through out time, i. e. a read ing of the
do sim e ter can be per formed af ter days from the ir ra di -
a tion. Nev er the less, read ings car ried out af ter some
time af ter ir ra di a tion are af fected by a sig nif i cant fog -
ging ef fect, as the absorbance in creases with time. In
or der to ac cu rately de ter mine the ab sorbed dose value
at dif fer ent mea sure ment time, cor rec tions should be
car ried out to take into ac count the fog ging ef fect
through the de ter mi na tion of non-ir ra di ated film
absorbance. This cor rec tion pro ce dure, which can be
eas ily im ple mented, al lows for a re sponse curve de ter -
mi na tion for the ex am ined batch and an ac cu rate eval -
u a tion of ab sorbed dose, within a con fi dence limit of
95 %.
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Fran~eska MARTORANA, Aldo PARLATO,
\uzepe PERONE, Elio An|elo \uzepe TOMARKIO
ODZIV  GAFCHROMIC®  HD-V2 FILM DOZIMETRA U OPSEGU DOZA 
10-300  Gy  PRI  TESTIRAWU  NA  ZRA^EWE  ELEKTRONSKIH  URE\AJA
Prikazano  je  ispitivawe  odziva  GAFChromic®  HD-V2 film dozimetra za opseg doza od
10 Gy do 300 Gy, koji se uobi~ajeno upotrebqava za radijaciona testirawa elektronskih ure|aja
koriste}i 60Co kao izvor zra~ewa. Dobro definisana linearnost odziva apsorpcije svetlosti u
zavisnosti od apsorbovane doze, lako}a upravqawa i analize podataka o ozra~enim dozimetrima,
ponovqivost, stabilnost i neosetqivost na vidqivu svetlost i na ve}inu parametara okoline,
~ine HD-V2 film fleksibilnim, jevtinim i pouzdanim sredstvom za merewe doze. Studija je
pokazala postojawe efekta zamagqewa u odzivu dozimetra jer se wegova vrednost mewa tokom
vremena. Razmotrene su metode i odgovaraju}e preventivne mere koje se mogu preduzeti kako bi se
ura~unale fizi~ke promene HD-V2 filmova za kalibraciju  i rutinsku industrijsku primenu, sa
posebnim osvrtom na radijaciono testirawe elektronskih ure|aja.
Kqu~ne re~i: Gafhromik dozimetrija, HD-V2 film, gama ozra~ivawe, doza, elektronski ure|aj
